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Two hydrazone compounds N'-(2,4-dichlorobenzylidene)-4-methylbenzohydrazide monohy-
drate (1) and 2-chloro-5-nitro-N'-(4-methylbenzylidene)benzohydrazide (2) derived from
4-methylbenzohydrazide with different benzaldehydes are synthesized and characterized by
physicochemical methods and single crystal X-ray diffraction. Compound 1 crystallizes in the
orthorhombic space group P2,2,2, with unit cell parameters a =4.714(2) A, b =13.093(3) A,
c=24.754(3) A V= 1527.9(8) A, Z=4, R, =0.0812, and wR, = 0.1623. Compound 2 crystal-
lizes in the monoclinic space group Cc with unit cell parameters a=11.564(2) A, b=
=13271Q2) A, ¢ =9.462(2) A, B =96.860(2)°, V' =1441.7(4) A’, Z=4, R, = 0.0461, and wR, =
=0.0896. The crystals of the compounds are stabilized by intermolecular hydrogen bonds as
well as ©---m stacking interactions.

Keywords: synthesis, crystal structure, hydrazone compound, hydrogen bonding.

Hydrazides and hydrazones are nowadays of considerable technical and commercial importance
due to their wide usage as drugs in medicine and as versatile ligands in coordination chemistry [ 1—
4. In recent years, a number of hydrazone compounds have been prepared and investigated for their
biological properties. In order to carefully study the detailed structures of such compounds, in the pre-
sent work, two new hydrazone compounds N’-(2,4-dichlorobenzylidene)-4-methylbenzohydrazide
monohydrate (1) and 2-chloro-5-nitro-N’'-(4-methylbenzylidene)benzohydrazide (2) (Scheme 1), de-
rived from 4-methylbenzohydrazide with different aldehydes, were synthesized and structurally chara-

cterized.
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Scheme 1. The hydrazone compounds

Experimental. Materials and methods. 4-Methylbenzohydrazide, 2,4-dichlorobenzaldehyde,
and 2-chloro-5-nitrobenzaldehyde were obtained from TCI. The other chemicals were used as com-
mercially received without further purification. The composition and the structures of the compounds
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have been confirmed by means of elemental analysis, 'H NMR, IR spectroscopy and single crystal
X-ray diffraction. Elemental analyses (C, H, and N) were performed on a Carlo Erba instruments
CHNS-O EA 1108 automatic equipment. Infrared spectra were recorded using KBr disks on a Shima-
dzu 8400S FT-IR spectrophotometer. The '"H NMR spectra were measured on a Varian 200 XL in-
strument.

Synthesis of 1. A methanolic solution (20 ml) of 4-methylbenzohydrazide (1.5 g, 0.01 mol) was
added to a methanolic solution (20 ml) of 2,4-dichlorobenzaldehyde (1.7 g, 0.01 mol). The mixture
was refluxed for 2 h, and three quarter of the solvent was evaporated to give yellow precipitate which
was filtered off and washed several times with methanol. The yield is 93 %. Yellowish single crystals
of the compound were obtained by recrystallization of the compound in methanol. Anal. Calc. (%) for
C1sH14CLN,O4: C, 55.40; H, 4.34; N, 8.61. Found (%): C, 55.27; H, 4.38; N, 8.55. "H NMR: § 2.33 (s,
3H), 7.41 (d, 2H), 7.92 (d, 2H), 7.96 (d, 1H), 7.40 (d, 1H), 7.71 (s, 1H), 8.97 (s, 1H), 11.03 (s, 1H,
NH). IR data (KBr, cm'): 3427 (br, w, von), 3215 (sh, m, vay), 1672 (vs, V_c©o)-~NH_), 1627 (vs,
Ve=N)-

Synthesis of 2. Compound 2 was synthesized and crystallized according to the same method as
that described for 1, with 2,4-dichlorobenzaldehyde replaced by 2-chloro-5-nitrobenzaldehyde (1.9 g,
0.01 mol). The yield is 91 %. Anal. Calc. (%) for C,5H,CIN;O;: C, 56.70; H, 3.81; N, 13.23. Found
(%): C, 56.61; H, 3.93; N, 13.10. "H NMR: & 2.33 (s, 3H), 7.41 (d, 2H), 7.77 (d, 1H), 7.92 (d, 2H),
8.26 (d, 1H), 8.49 (s, 1H), 8.97 (s, 1H), 11.22 (s, 1H, NH). IR data (KBr, cm): 3213 (sh, m, vxy),
1671 (vs, V_coy-~n—), 1620 (vs, ven), 1503 (s, vas NOy), 1355 (s, vi NO,).

X-ray diffraction. Single crystals suitable for X-ray diffraction were selected, glued on fiber
glasses and successively mounted on a Bruker APEX II CCD diffractometer equipped with graphite-
monochromated MoK, radiation (A = 0.71073 A). Data collection and reduction were performed using
the APEX2 software suite [ 5 ]. Empirical absorption corrections were carried out using SADABS [6].
All other calculations were performed using the Bruker SHELXTL package [ 7, 8 ]. Anisotropic ther-
mal displacement parameters were refined for all non-hydrogen atoms. The amino H and water H
atoms of both compounds were located from difference Fourier maps and refined isotropically, with
N—H, O—H, and H---H distances restrained to 0.90(1) A, 0.85(1) A, and 1.37(2) A respectively. The
other hydrogen atoms were located in idealized positions. The crystallographic data for the compounds
are summarized in Table 1.

Results and discussion. Crystal structure description. The molecular structures of 1 and 2 are
shown in Fig. 1, a and b respectively. Compound 1 contains a hydrazone molecule and a water mole-
cule. Compound 2 contains only a hydrazone molecule, with no solvent molecules reside in. The bond
lengths and angles in the compounds are comparable to each other and within normal ranges [ 9—13 |.
The water molecules in 1 are linked to the hydrazone molecules through intermolecular O—H:--O
hydrogen bonds. In the benzohydrazide molecules, the C(9)—N(2) bond lengths are 1.276(8) A in 1
and 1.273(4) A in 2, indicating them as typical double bonds. The distances between C(8) and N(1)
atoms (1.356(8) A for 1, and 1.370(4) A for 2) are intermediate between single and double bonds, due
to the conjugation effects of the hydrazone molecules. In the benzohydrazide molecules, the dihedral
angles between the C(2)—C(7) and C(10)—C(15) benzene rings are 5.3(5)° for 1 and 1.0(3)° for 2.

In the crystal structure of 1, the benzohydrazide molecules are linked by water molecules through
intermolecular O—H---O and N—H---O hydrogen bonds to form 1D chains running along the b axis
(Fig. 2). In the crystal structure of 2, the benzohydrazide molecules are linked through intermolecular
N—H:--O hydrogen bonds to form 1D chains running along the ¢ axis (Fig. 3). In addition, there are
7---1 stacking interactions among the adjacent benzene rings C(2)—C(7) and C(10)—C(15) in com-
pound 2, with the distances between the ring centroids of 3.715(2) A and 3.616(2) A[ 14 ].

IR spectra. The broad and weak absorption band at about 3430 cm ' is attributed to the O—H
vibrations of the water molecule. The sharp and middle bands at about 3215 cm ' are assigned to the
N—H vibrations. The characteristic bands at about 1672 cm ™' are assigned to the vibration of the
—C(O)—NH— groups, and the other characteristic bands at about 1625 cm™" are attributed to the
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Crystallographic data for the compounds

Table 1

1

2

Empirical formula

Formula weight

Crystal system

Space group

Unit cell parameters
a, b, c, A; B, deg.

v, R

Z, calculated density

Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Limiting indices

Reflections collected / unique
Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/ > 2o(])]

R indices (all data)

Largest diff. peak and hole

CisH14CLN,O,
3252
Orthorhombic
P2,2,2,
4714(2), 13.093(3), 24.754(3); 90

1527.9(8)
4
0.430
672
0.18x0.17x0.15
2.92 -26.99
S5<h<S, -16<k<16,
31<71<27
3254 /1920 [Riy = 0.0804]
3254/200 /4
1.141
0.0812
0.1906
0.308, -0.383

C5H2CIN;O;
317.7
Monoclinic
Cc

11.564(2), 13.271(2), 9.462(2); 96.860(2)

1441.7(4)
4
0.281
656
0.15x0.13%0.12
2.35-26.99

—14<h<14, -15<k<16, -11</<11

2999 /2218 [R;y = 0.0298]

2999/203/3
1.036
0.0460
0.0896
0.157,-0.187

Fig. 1. View of the molecular structure of 1 (a), 2 (b), showing the atom labeling scheme.
Displacement ellipsoids are drawn at the 30 % probability level for non-H atoms. Hydrogen bonds

—C=N— stretching vibrations. The presence of v,(ONO) and v{(ONO) absorption bands at 1502 cm™

are indicated as dashed lines

1

and 1353 cm ™ respectively in the IR spectrum of 2 suggests the existence of the nitro group.
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Fig. 2. View of the 1D hydrogen-bond packing diagram along the 4 axis for 1.

Hydrogen bonds are indicated as dashed lines [O(2)—H(2B)=0.85(1) A,

H(2B)---0(1) =2.02(3) A, O(2)---O(1) =2.809(8) A, 0(2)—H(2B)-~0O(1) = 155(7)°;

0(2)—H(2A)=0.85(1)A,  H(QA)--0O(1)=2.073) A,  OQ2)+-O(1) =2.868(7) A,

0(2)—HQ2A)--0(1)=157(8)>; N(1)—H(1)=0.90(1) A, H(1)---O(2) = 2.08(3) A,
N(1)---0(2) = 2.949(6) A, N(1)—H(1)--0(2) = 161(7)°]

Fig. 3. View of the 1D hydrogen-bond packing diagram along the ¢ axis for 2.
Hydrogen bonds are indicated as dashed lines [N(1)—H(1)=0.90(1) A,
H(1)--0(1) = 2.30(2) A, N(1)---O(1) = 3.134(3) A, N(1)—H(1)---O(1) = 153(3)°]
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study.

Supplementary material. CCDC- 821979 for 1 and 821980 for 2 contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge at
http://www.ccdc.cam.ac.uk/const/retrieving.html or from the Cambridge Crystallographic Data Centre
(CCDC), 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-336033 or e-mail: data re-
quest@ccdc.cam.ac.uk.



JKYPHAJI CTPYKTYPHOWM XUMUN. 2013. T. 54, Ne 4 787

N N I N N T

—_ = = = —
AW = O

REFERENCES

. Chumakov Y.M., Antosyak B.Y., Tsapkov V.1. et al. // J. Struct. Chem. —2001. — 42. — P. 335.
. Ozdemir A., Turan-Zitouni G., Kaplancikli Z.A. et al. // J. Enzyme Inhib. Med. Chem. — 2009. — 24. — P. 825.
. Kucukguzel G., Kocatepe A., De Clercq E. et al. // Eur. J. Med. Chem. —2006. — 41. — P. 353.

Ashiq U., Ara R., Mahroof-Tahir M. et al. // Chem. Biodivers. —2008. — 5. — P. 82.

. Bruker. APEX2. Bruker AXS, Madison, Wisconsin, 2004.

. Sheldrick G.M. SADABS. Géttingen, University of Gottingen, 1996.

. Sheldrick G.M. SHELXTL PC. Bruker AXS, Inc, Madison, 1998.

. Sheldrick G.M. // Acta Crystallogr. — 2008. — A64. — P. 112.

. Yang D.-S. //'J. Chem. Crystallogr. —2007. — 37. — P. 343.

. Peng S.-J. //'J. Chem. Crystallogr. —2011. —41. — P. 280.

. Padmaja A., Begum A., Ragavaiah P. et al. // Indian J. Chem. B. —2011. —50. — P. 326.

. Allen F.H., Kennard O., Watson D.G. et al. // J. Chem. Soc. Perkin Trans. — 1987.—-2.—-S.1-19.
. Wang X.-L., You Z.-L., Wang C. // J. Chem. Crystallogr. —2011. —41. — P. 621.

. Spek A.L. // Acta Crystallogr. —2009. — D65. — 2011. — P. 148.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


